ABSTRACT BACKGROUND AND PURPOSE: During embolization of meningiomas, intratumoral hemorrhagic complications may occur, especially with the use of small particle sizes. We compared the rate of hemorrhagic complications in 55 patients embolized with 400-m calibrated microspheres (Embozene) with a historical cohort of 198 patients embolized with smaller PVA particles.
RESULTS:
There were no hemorrhagic complications in the 55 embolized patients (0%; 95% CI, 0.0%-7.8%). The difference in complication rates between 400-m calibrated microspheres in this study (0 of 55, 0%) and small PVA particles (45-150 m) in the historical cohort (9 of 108, 8.3%) was just short of significance (P ϭ .066). The difference in complication rates between 400-m calibrated microspheres (0 of 55, 0%) and larger PVA particles (150 -250 m) in the historical cohort (1 of 93, 1.1%) was not significant (P ϭ .8).
CONCLUSIONS:
In this series, embolization of meningiomas by using large (400-m) calibrated microspheres did not result in any hemorrhagic complications.
ABBREVIATIONS:
CI ϭ confidence interval; PVA ϭ polyvinyl-alcohol P reoperative embolization of meningiomas is widely used to facilitate surgical removal and reduce intraoperative blood loss. [1] [2] [3] [4] [5] The potential benefits of preoperative embolization should be balanced against the risk of complications. Recently, several authors have reported a considerable hemorrhagic and ischemic complication rate. [6] [7] [8] In a previous study, we found a 5.1% hemorrhagic complication rate of embolization of meningiomas in 198 patients, leading to death or dependency in 7, despite emergency surgery. 9 In that study, the use of small PVA particles (45-150 m) proved to be a significant risk factor for this serious complication. 9 In view of these findings, we decided to change the embolic material in the embolization of meningiomas, looking for particles as large as conceived feasible. Because large PVA particles have the tendency to block the microcatheter, we opted for the use of calibrated microspheres. Large-sized calibrated microspheres are easily compressible and smooth, and these physical properties prevent blockage of the microcatheter. 10 In the present study, we assessed the frequency of hemorrhagic complications in 55 embolized meningiomas in 55 patients by using 400-m calibrated microspheres (Embozene microspheres; CeloNova BioSciences, Newnan, Georgia) and compared this complication rate with that of 198 patients previously embolized with PVA.
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MATERIALS AND METHODS
General
Between September 2009 and February 2012, fifty-five patients with 55 meningiomas were embolized in our institution. Referral for preoperative embolization of patients with meningiomas was dependent on the personal preference of the neurosurgeon. Indications for embolization were preoperative in 47 and before radiosurgery in 2 patients. In the remaining 6 patients, embolization was initially offered as a sole therapy. The time interval between embolization and surgery was 1 day in all surgical patients.
We assessed the following patient and imaging characteristics: age, sex, indication for embolization, and meningioma size. Meningioma location was categorized as convexity, falx, sphenoid ridge, posterior fossa, and tentorial. Peritumoral edema was dichotomized into minor and major (with midline shift). Arterial supply to the meningioma was classified as predominantly external carotid artery supply, equal external and internal carotid artery supply, and predominantly internal carotid artery supply. Vascularization of the meningioma was first assessed by angiography of the internal and external carotid arteries and/or the vertebral artery. Embolization was performed via the middle meningeal or occipital artery only. The ophthalmic artery, the meningeohypophyseal trunk, or pial feeders were not used as access for embolization because of possible ischemic complications in these vascular territories. Hemorrhagic complications, defined as any extravasation of contrast material visible during embolization and confirmed on CT scanning, were recorded. Also ischemic complications and blockage of the microcatheter were noted.
Data of our previous study of 198 patients with 201 embolized meningiomas were used for comparison. In that study, embolization was performed with either 45-to 150-m PVA particles or 150-to 250-m PVA particles. The smaller PVA particles were used in 108 meningiomas (54%), and the larger, in 93 meningiomas (46%). 9 Patient and imaging characteristics of the previous study were compared with those of the present study. We recalculated the hemorrhagic complication rates for both PVA particle sizes in the previous study and compared these with the hemorrhagic complication rates of 55 meningiomas embolized with 400-m calibrated microspheres in the present study.
Embolization Technique
Angiography and embolization were performed with the patient awake. Patients were premedicated with steroids. No intravenous heparin was administered. Embolization was performed via the middle meningeal or occipital artery only. The ophthalmic artery, the meningeohypophyseal trunk, or pial feeders were not used as access for embolization to avoid ischemic damage to cranial nerves or brain. Embolization was performed through a standard microcatheter (Turbo Tracker 18 or Excel 14; Boston Scientific, Fremont, California) by using 400-m calibrated microspheres (Embozene microspheres). These microspheres consist of a hydrogel core of polymethylmethacrylate and a flexible shell of polyphosphazene, which is a synthesized inorganic biostable and biocompatible polymer. The microspheres suspended in contrast material are spherical, flexible, and easily compressible. Embozene microspheres are precisely calibrated by sieving with a high uniformity of spheres.
These physical properties of the microspheres prevent clogging (as do PVA particles), even in small-lumen microcatheters. This feature is important because with the use of larger microcatheters, distal navigation may be hindered. The microspheres are color-coded according to size and are available in sizes ranging
Under fluoroscopic control, the mixture of contrast material and microspheres was slowly injected until stagnation of the contrast agent in the feeding artery was accomplished. 
Data Analysis
RESULTS
Of the 55 patients, 35 were women and 20 were men, with a mean age of 60.3 years (median, 62 years; range, 31-87 years). Mean meningioma axial diameter was 53 mm (median, 51 mm; range, 23-97 mm). Meningioma location was convexity in 36, falx in 9, sphenoid ridge in 4, posterior fossa in 3, and tentorial in 3. Minor or no peritumoral edema was seen in 27 meningiomas (50%); major edema with a shift of midline structures was present in 28 meningiomas (50%). Arterial supply was predominantly external carotid artery in 36 meningiomas (65%) and equally external and internal carotid arteries in 19 meningiomas (35%). Patient and imaging characteristics of the 55 patients in the present study were not different from those of the 198 patients in the previous study.
In 55 patients with embolized meningiomas, no hemorrhagic complications occurred (0%; 95% CI, 0.0%-7.8%). Also ischemic complications did not occur. There were no instances of blockage of the microcatheter. Recalculation of hemorrhagic complication risks in our previous study was as follows: There were 9 hemorrhagic complications in the 108 meningiomas embolized with 45-to 150-m PVA particles (8.3%; 95% CI, 4.3%-15.2%). There was 1 hemorrhagic complication in 93 meningiomas embolized with 150-to 250-m PVA particles (1.1%; 95% CI, Ͻ0.0001%-6.4%)
The difference in complication rates between the use of 400-m calibrated microspheres in this study (0 of 55, 0%) and the use of small PVA particles (45-150 m) in the previous study (9 of 108, 8.3%) was just short of significance (P ϭ .066).
The difference in complication rates between the use of 400-m calibrated microspheres in this study (0 of 55, 0%) and the use of larger PVA particles (150 -250 m) in the previous study (1 of 93, 1.1%) was not significant (P ϭ .8).
DISCUSSION
In this study, we found that the use of 400-m calibrated microspheres in the embolization of meningiomas was safe; no hemorrhagic complications occurred. These results compare favorably with the hemorrhagic complication rate of 8.3% in our previous study with use of small PVA particles of 45-150 m.
9 There was no difference in complication rates between the use of 400-m calibrated microspheres and the use of larger PVA particles of 150 -250 m.
The prevention of hemorrhagic complications in the embolization of meningiomas is important because intratumoral hemorrhage may have serious consequences. Extravasation of blood into the tumor causes acute edema and swelling of the meningioma with sudden aggravation of mass effect. Many patients who are referred for preoperative meningioma embolization have large tumors with little skull volume reserve capacity, and even a small increase in tumoral volume may lead to tentorial herniation. The pathophysiology of hemorrhage in meningiomas that are embolized is not fully understood. It has been postulated that necrosis as a result of deep penetration of the particles causes the tissue to be more vulnerable to bleeding. [6] [7] [8] 11, 12 Possibly, penetration of particles into the draining veins of the tumor may block the outflow, increasing the risk of hemorrhage.
The possibility that small particles may carry a potentially higher risk for intratumoral hemorrhage in the embolization of meningiomas was addressed by several authors, some even referring to these small particles as being "aggressive" or "dangerous." 8, 13 On the other hand, small particles may be more effective due to a better devascularization of the tumor compared with larger particles. 9, 12 Despite these contradictory considerations,
we believe that embolization of meningiomas, especially when performed preoperatively, should carry the lowest possible risk. We, therefore, have completely refrained from the use of small 45-to 150-m PVA particles. Our reason for choosing and evaluating 400-m calibrated microspheres was 2-fold. First, the calibrated microspheres of 400 m are much larger than the 45-to 150-and 150-to 250-m PVA particles we used previously. Second, these microspheres suspended in contrast material are spheric, smooth, flexible, easily compressible, and precisely calibrated; and these physical properties enhance the ease of use without the occurrence of catheter blockage. Although we did not specifically address the topic of effectiveness of devascularization in terms of quantification of blood loss or operation time, neither we nor our neurosurgeons noticed any difference between PVA and microspheres. Our study has several limitations. Due to the retrospective nature of the earlier series and the differences in properties of the calibrated microspheres, the 2 groups may not be completely comparable. On the other hand, referral pattern, indication, catheterization technique, and imaging methods did not change throughout the entire study period, only the embolic agent used. In this respect, we think that comparison of the groups is valid.
Eight of 55 patients had no MR imaging or CT directly after embolization of the meningioma. These 8 patients were clinically unchanged after embolization without suspicion of a hemorrhagic complication. However, we cannot be sure that small asymptomatic intratumoral hemorrhage did not occur.
CONCLUSIONS
In the embolization of meningiomas, the use of large particles such as 400-m calibrated microspheres is safer than the use of small PVA particles. No hemorrhagic complications occurred with microspheres as embolic agents.
